Discovery and development of new drugs and therapeutic agents is greatly aided by knowing the identity of proteins affected by small molecule drugs, the drug targets. Understanding the drug targets is the key factor in development and optimization of drug candidates for high efficacy and low toxicity. Currently, large majority of the small molecule drugs on the market affect a small fraction of potential drug targets of the human proteome. In recent estimates the number of druggable targets is significantly higher, possibly as much as one order of magnitude higher, than the current number of protein targets through which small molecule drugs mediate their effect [1] . With the advancements in genomics and molecular biology, drug development has, over last several decades, largely depended on assessing activity against purified recombinant proteins. However, due to complexities of the cellular environment, presence of different splice variants and posttranslational modifications of the target protein and abundance of other proteins, these in vitro experiments may not predict the effect of drugs in complex in vivo systems. Furthermore the "off targets" effects of small molecule drugs cannot be easily assessed with in vitro experiments. Thus, evaluating phenotypic effect of small molecules using complex, in vivo cellular or animal models, offers a valuable alternative for drug development. In this process known as phenotypic screening small molecules are selected based on their ability to elicit desired phenotype, and only after this stage is completed, the search for drug target begins. This approach has resulted in discovery of majority of first-in-class drugs with novel mechanisms of action [2] . Thus, drug discovery process is seeing a comeback of phenotypic screening. This comeback has been facilitated with development of new tools for discovery of targets for small molecules identified in phenotypic screen.
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Recent progress in development of such tools is a result of multidisciplinary approach of integrating biology, chemistry, mass spectrometry and computational data analysis. This new area has been given the name chemo-proteomics. Chemo-proteomic approaches are now routinely used for deconvolution of drug targets, assessment of the "off target" effects and selectivity of small molecules, and duration of target occupancy. Key enabling factor of chemo-proteomics are recent developments in mass spectrometry in particular the labeling methodologies and quantitative mass spectrometry [3, 4] .
Over the last several years many different chemo-proteomics approaches have been developed and they can be classified in to three major categories; affinity pull-down, Capture Compound Mass Spectrometry and activity-based protein profiling [5] [6] [7] . While these methodologies differ in their approaches and design, they all aim at unbiased determination of drug targets in a complex cellular environment.
The basic concept of affinity pull-down based chemo-proteomics combines elements of affinity chromatography and active site chemical labeling of enzymes. This approach enables identification of all proteins that may interact with a small molecule in the context of the whole proteome. The small molecules identified in phenotypic screen are modified to become two-functional probes, by appending a sorting moiety, such as biotin, onto the small molecule. Alternatively, the small molecule can be immobilized directly onto a surface [8] . The original small molecule part of the probe, serves as bait for selective binding to proteins. This moiety is also known as selectivity function. The sorting molecule is used for affinity based isolation of probe-protein complex followed by mass spectrometry based identification of isolated proteins. The success of experiments and capture largely depends on design of the probes and appropriate selection of sites on small molecules that can withstand modification with sorting moiety without affecting the functionality. Coupling of the sorting group may lead to a change in activity, potency and solubility and multiple attachment sites may need to be exploited in absence of clear understanding of structure-activity relationship. Linker molecule which is used to connect sorting molecule onto the selectivity group also plays a critical role in the success of this approach, and it has to be properly optimized. Ideally, the probe should be tested for ability to generate the same phenotype as the original small molecule with similar potency. Limited permeability of modified molecules may interfere with this evaluation. Another important aspect that impacts the success of these experiments is evaluation of specificity of binding of isolated proteins to the probe used for capture. Frequently, nonspecifically bound proteins are also isolated in this process. The specificity of interactions is typically determined by competition experiments using the original non-modified small molecule to preblock the active site of specific targets. This prevents probe from binding to protein targets and isolation of these proteins in the process. Proteins absent from samples pre-treated with non-modified small molecule are likely candidates for specific protein targets of this molecule. In the approach where small molecule is attached directly onto a solid support, specificity of the interaction is evaluated by competitive elution of captured proteins using non-modified small molecule.
Interaction between probe and proteins in this approach is equilibrium based and is thus prone to dissociation based loses of target proteins, particularly the proteins with low affinity interactions. This is addressed by the second chemo-proteomics approach, the Capture Compound Mass Spectrometry [CCMS] [6] . Here, the probe consists of three elements, the selectivity function (the small molecule identified in phenotypic screen), an adjacent reactive group for crosslinking and a sorting function, such as biotin. The selectivity function and sorting moiety play a similar role as in affinity pull-down experiments described above. The reactive crosslinking group brings in a new functionality enabling covalent linkage of the probe to the Molecular Biology: Open Access bound protein and thus preventing equilibrium based losses of proteins during affinity purification. High selectivity and sensitivity of this approach has been successfully demonstrated with isolation of many protein classes including kinases and methyl transferases [9, 10] . Optimization of the crosslinking moiety and crosslinking reaction is important for optimal efficiency and improved yields of captured proteins.
Third major category of chemo-proteomics approaches is affinity based protein profiling (ABPP) [7] . In the narrow-sense definition the ABPP probe comprises two elements. The first element is a selectivity group, which is designed to bind to the active site of the protein in covalent fashion. The second moiety is a functional reporter tag enabling visualization and enrichment. Ideally the ABPP probes would target a large number of proteins offering a tool for analysis of global functional state of the proteome. ABPP allows assessment of not only the abundance of particular protein or protein family to which selectivity group bind, but also evaluation of functional state of queried proteins in the cellular context. A competitive version, where small molecules are evaluated for their ability to block labeling of target proteins with the probe offers means to discover inhibitors of a particular class of target proteins.
Chemo-proteomics platform address fundamental challenges in drug discovery process. It provides means for profiling small moleculeprotein interaction and enables identification of small molecule protein targets in their endogenous state. This knowledge can then be used for target prioritization and drug development. Various chemoproteomics approaches have been further employed to discern mechanisms of action of small molecules including identification of the "off targets" which may positively or negatively affect effectiveness of small molecule drugs. One of the challenges that remain in this area is quantitative isolation of targets and development of new chemoproteomics methods enabling quantitation is desired.
